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THERMALLY STABLE PERFLUOROPOLYETHER LUBRICANT 
FOR RECORDING MEDIA 

The Field of the Invention 

5 The present invention relates generally to a perfluoropolyether lubricant 

material, and specifically to a thermally stable lubricating material which is useful in 
magnetic recording media such as magnetic tape, and in optical recording media, and 
the media employing such a lubricant. 

10 Background of the Invention 

Magnetic recording media are widely used in audio tapes, video tapes, 

computer tapes, disks and the like. Magnetic media may use thin metal layers as the 

rt |.- 

recording layers, or may comprise coatings containing magnetic particles as the 
recording layer. The former type of recording ' media employs metals such as cobalt, 

15 cobalt chrome, cobalt nickel, cobalt chrome platinum, and other cobalt alloys. The 
latter type of recording media employs particulate materials such as ferromagnetic iron 
oxides, chromium oxides, ferromagnetic alloy powders and the like dispersed in 
binders and coated on a substrate. In general terms, magnetic recording media 
generally comprise a magnetic layer coated onto at least one side of a non-magnetic 

20 substrate. 

In media based on a thin metallic magnetic recording layer, such as a magnetic 
cobalt alloy, the overall media construction will generally include several thin films 
coated in sequence which form a "thin film stack." The first thin film stack layers 
coated generally function to provide a combination of adhesion, topographical texture, 
25 and crystalline texture. These layers are then followed by one or more magnetic thin 
films which do the actual information storage. The magnetic thin films are followed by 
one or more coatings which provide environmental stability, hardness, and 
compatibility with the subsequently coated lube. The lube layer constitutes the final 
layer of the thin film media. ; , 
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Optical recording media, such as magneto-optical disks, store information on a 
thin film of magneto-optical material disposed between two protective layers. The 
basic principal of operation is to use a laser to locally raise the temperature of the 
magneto-optical layer to near the Curie point and switch the direction of the local 
5 magnetization to the direction of a recording magnetic field applied to the disk. The 
two protective layers enclose the magneto-optical material to protect it from corrosion, 
and are formed from materials such as silicon nitride, silicon oxide, or aluminum 
nitride dielectrics. The read/write head of a recording mechanism glides above the disk 
surface. Lubricants are disposed on the surface to protect both the disk head and the 

10 disk surface from damage. The lubricants reduce friction between the disk head and 
surface and they enhance the wear resistance of the disk. 

Lubricants useful for both types of recording media have been organic 
lubricants such as fatty acid esters, silicones, and perfluoropolyesters such as 
polytetrafluoro-ethylene (PTFE). However, conventional lubricants may degrade when 

15 exposed to high temperatures forming sludge on the surface, and migration of the 
lubricants due to centrifugal force depletes the lubricant from the surface of the disk. 
Optical media make particularly high demands on lubricants due to the high local 
temperatures caused by the laser beam. Such temperatures can reach as high as 350 
°C. Many conventional lubricants begin to degrade or vaporize at temperatures of 

20 from 165°C to 300°C, depending on the functional end group and the molecular 
weight, reducing the amount available. 

It would be useful to have a lubricant which would remain stable at 
temperatures exceeding 350°C, and which would bond to the surface of the recording 
medium, reducing migration and transfer to the recording head. It has now been 

25 discovered that a functionalized perfluoropolyether comprising multiple acrylate 
endgroups increases thermal stability and percentage of bonded lubricant percentage. 

Summary of the Invention 

The invention provides a lubricant useful in magnetic recording media and 
30 optical recording media comprising a functionalized perfluoropolyether comprising 
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multiple acrylate endgroups. More specifically, the lubricant of the invention is a 
functionalized perfluoropolyether comprising at least about two acrylate groups. 

In one embodiment, the lubricant of the invention is a functionalized 
perfluoropolyether comprising at least about three acrylate groups. Perfluoropolyether 
5 tetraacrylates having molecular weights of from about 2000 to about 3000 are 
considered particularly useful. 

In another embodiment, the lubricant of the invention is a perfluoropolyether 
tetraacrylate. 

The invention further comprises a magnetic recording medium comprising a 
10 thin metal magnetic recording layer, said layer having a coating of the functionalized 
perfluoropolyether lubricant comprising at least about two acrylate end groups. 

The invention further provides an optical recording medium comprising at least 
one magneto-optical layer disposed between two protective layers, said protective 
layers being disposed between two substrate layers having interior and exterior 
15 surfaces, the exterior surface of at least one substrate layer bearing thereon a 
functionalized perfluoropolyether lubricant comprising a perfluoropolyether 
tetraacrylate. 

In one embodiment, the functionalized perfluoroether has the 
formula: 

2Q AcCH 2 CHAcCH 2 OCH 2 CF 2 0(CF 2 CF 2 0) p (CF 2 0) q CF 2 CH 2 OCH 2 CHAcCH 2 Ac 

wherein Ac is OCOCHCH 2 , p is an integer of from about 3 to about 9 and q is an 
integer of from about 2 to about 5. 

These terms when used herein have the following meanings. 

1. The term "coating composition" means a composition suitable for 
25 coating onto a substrate. 

2. The term "resistivity" means the surface electrical resistance measured 
in Ohms/square. 

3. The terms "layer" and "coating" are used interchangeably to refer to a 
coated composition. 
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4. The term "lubricant" means a substance introduced between two 
adjacent solid surfaces, at least one of which is capable of motion, to produce an 
antifriction effect between the surfaces. 

All weights, amounts and ratios herein are by weight, unless otherwise 
5 specifically noted. 

Detailed Description of the Preferred Embodiments 

The following detailed description describes certain embodiments and is not to 
be taken in a limiting sense. The scope of the present invention is defined by the 
10 appended claims. 

The lubricant comprises a functionalized perfluoropolyether comprising at least 
a perfluoropolyether diacrylate. 

The magnetic recording medium includes a thin metal magnetic recording layer 
and at least one thin film layer not having an information recording function. 
15 The optical recording medium includes a thin film of magneto-optical material 

disposed between two protective layers, which are further disposed within two 
substrate layers. The lubricant is placed atop the thin film layer. 

The various components are described in greater detail below. 

20 The Lubricant 

Lubricants are commonly placed atop magnetic layers of tape magnetic 
recording media and thin film magneto-optical layers of optical recording media. 
Thermal or ultraviolet (UV) treatment after application is common to increase the 
amount of lubricant that is attached or bonded to the surface. The amount of bonded 

25 lubricant is important as nonbonded lubricant can be removed by solvent washing 
during the processing or transferred to the recording head during use. Conventional 
lubricants have bonded percentages of 35%-45%, some up to about 58%. 

The new lubricant of the invention is a functionalized perfluoropolyether 
containing at least two acrylate groups. One new lubricant comprises a 

30 perfluoropolyether tetraacrylate. This lubricant has a high bonded value even without 
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any UV treatment to increase the bonded percentages, but may have such a treatment if 
desired to even further increase the bonded percentage. Bonded percentages where the 
lubricant coat is not treated are at least about 75%, while bonded percentages of treated 
lubricant coatings can be 90% or more. It is believed that the functional endgroups 
5 give increased thermal stability and bonding of the lubricant, as well as the ability to 
homopolymerize to a crosslinked lubricant layer. 

In a preferred embodiment, the functional ized perfluoroether has the 
formula: 

AcCH 2 CHAcCH 2 OCH 2 CF 2 0(CF 2 CF 2 0) p (CF 2 0) q CF 2 CH 2 OCH 2 CHAcCH 2 Ac 

10 wherein Ac is OCOCHCH 2 . Preferred tetraacrylates have p values of from 3 to 

about 9, and q values of from about 2 to about 5. Perfluoropoly ether tetraacrylates 
having molecular weights of from about 2000 to about 3000 are considered particularly 
useful. 

15 Magnetic Recording Media 

The thin film magnetic recording media of the invention typically comprise 
several thin films coated in sequence which form a "thin film stack." The first thin film 
stack layers coated generally function to provide a combination of adhesion, 
topographical texture, and crystalline texture. These layers are then followed by one or 

20 more magnetic thin films which do the actual information storage. The magnetic thin 
films are followed by one or more coatings which provide environmental stability, 
hardness, and compatibility with the subsequently coated lube. The lubricant layer 
constitutes the final layer of the thin film media. 

One representative thin film stack includes an adhesion-promoting layer such as 

25 chromium or titanium which is coated first, followed by one or more sublayers, which 
are coated to provide the desired topographical texture. The sublayer could also be 
chromium or titanium, or it can be formed of materials such as chromium-titanium, 
cobalt-chromium, or zirconium. Next, a seed layer is coated to promote the desired 
crystalline structure of the subsequently coated magnetic layer. Useful seed layers 

30 include such alloyed materials as chromium-titanium, chromium-vanadium, and 
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nickel-aluminum alloys. The magnetic layer is generally a magnetic alloy of cobalt 
such as cobalt-chromium-tantalum, cobalt-chromium-platinum, cobalt-chromium- 
nickel, and the like. The magnetic layer has longitudinally oriented magnetic domains. 
A hard coat such as carbon, carbon nitride, or diamond-like carbon is then coated for 
5 environmental stability, hardness, and durability in the head-disk-interface (HDI) 
environment. 

When all of the vacuum deposited layers have been coated, finishing processes 
such as polishing, burnishing and degreasing are performed. The lubricant is then 
applied by a conventional method. Lubricant performance can be very sensitive to the 

10 application conditions such as temperature, presence of ultraviolet radiation, and 
presence of water molecules on the hard coat surface. The lubricant compound may be 
dissolved in a solvent and the thin film medium dipped in the lubricant solution for a 
sufficient time to allow the solution to contact the surface and then drained, or the 
lubricant solution may be pumped over the recording medium and then allowed to 

15 drain. 

The lubricant coat may be subjected to an ultraviolet surface treatment in order 
to increase the percentage of lubricant which is bonded to the surface. 

Optical Recording Media 

20 Optical recording media according to the invention store information in a thin 

film of magneto-optical material. This material is disposed between two protective 
layers to protect the magneto-optical material from corrosion. Surrounding the 
protective layers are the substrate layers for the medium, which are typically formed of 
glass or transparent polymer material. The surfaces of the substrate layers are typically 

25 scored with guide grooves, such grooves having a substantially uniform depth of less 
than a micron. The grooves are spaced concentrically at intervals of about one or two 
microns. The magneto-optical layers may be formed with any suitable materials 
exhibiting magneto-optical effects, e.g., amorphous vertically magnetized film based 
on rare earth transition metals, as these materials provide large magneto-optical effects. 

30 Dielectric layers are also present to enhance the apparent magneto-optical effects by 
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providing interference between various layers of the optical medium. Reflective layers 
are provided to increase the reflectance of the medium and increase the read back 
signal output from the optical recording medium. Useful reflective layers include gold, 
aluminum or alloys thereof. 
5 Optical recording media according to the invention may be formed on a 

transparent substrate by successively laminating layers thereon or by vacuum film 
forming operations such as sputtering and vapor deposition. The first layer deposited 
is typically a dielectric layer, followed by one or more magnetic recording layers, at 
least one reflective layer, the protective layers, and the like until all layers are coated. 

10 The surface of the disk is then cleaned and/or surface treated so as to be free of 
impurities. This assists in bonding of the lubricant to the surface of the disk. The disk 
may be cleaned with a mild solvent or treated by means of oxygen plasma for a period 
of a few seconds prior to application of the lubricant. 

There are several methods of application of the lubricant compound to the 

15 surface of the optical recording medium. The compound may be dissolved in a solvent 
and the optical medium is then completely submerged in the lubricant solution for a 
sufficient time to allow the solution to contact the surface, and then drained. Another 
method for coating the recording medium involved pumping lubricant solution over the 
recording medium and then allowing it to slowly drain away. 

20 

Examples 

Lubricants having differing end group functionality were tested to determine 
percent bonding. The lubricated disk is soaked in the same solvent used in the 
lubrication solution. The TGA onset temperatures show the point where significant 
25 weight loss began to occur. The percent bonding was calculated for various of the 
lubricants on one or both of two different types of disks: one type of disk was surface 
treated with ultraviolet rays to increase the percent of the lubricant composition bonded 
to the surface, a second type of disk was not treated with the ultraviolet rays. 
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As can be seen, the lubricant according to the present invention provided 
significantly more bonded lubricant, both on untreated disks and on disks treated with 



ultraviolet rays, than the other lubricants tested. 
5 Table 1 



Ex. 


Lubricant 


Endgroups 


Percent Bonding 
(WithUV) 


Percent Bonding 
(Nontreated) 


TGA Onset 
Temp 


1 : 


AM 3001 


Piperonyl 


58 


35 


340 


! 2 


ZDA 


Diacrylate 


80 


65 




3 j 


ZTA 


Tetraacrylate 


95 


75 


412 


4 


Zdol®2000 


Di-hydroxy 


39 


32 


215 


5 


Zdol® 4000 


Di-hydroxy 


41 




315 


6 


LowMW 
Krytox® 


Di-hydroxy 






172 


7 


High MW 

Krytox® 


Di-hydroxy 






169 


8 


Krytox 
143AA 


None 




38 


212 



Lubricant Transfer Testing 

Disks coated with various lubricants were then tested for lubricant transfer to a 
10 burnish or recording head. As can be seen, AM3001 gives evidence of lubricant 
transfer both with and without ultraviolet (UV) treatment after 10 burnish passes. This 
lubricant responds to UV treatment and increases the percentage bonded, but such 
increase is only to about 50-70%, wherein the lubricant of the invention provides more 
than this percentage bonding level, a level of 75% bonded without UV treatment and 
15 increases to more than 90% with a ten second exposure to UV radiation. It is apparent 
from this data that 50% bonding is not adequate to prevent transfer, but that 75% in the 
case of the ZTA is adequate to prevent lubricant transfer. This will allow the 
elimination of this process step. The lubricant of the invention shows no transfer even 
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with very thick lubricant layers where AM 3001 begins to show transfer at about 12 
Angstroms. 



Table 2 



Lubricant Percentage 


Angstroms 


T iiVip Trancfpr 

Ten Pass Burnish 
NonUV treated 


0.05 AM 3001 


3.7 


Ok ! 


0.2 AM 3001 


8.5 


Ok 


0.25 AM 3001 


12.0 


1 large drop 


0.30 AM 3001 


16.0 


1 large drop 


0.05 ZTA 


16.2 


Ok 


0.10ZTA 


18.9 


Ok 


0.15 ZTA 


22.3 


Ok 


0.20 ZTA 


24.2 


Small debris 


0.25 ZTA 


26.1 


Very small ridge ; 
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